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PREFACE. 


At  the  Copenhagen  Congress  in  1909  Committee  24  nominated 
to  draw  up  a  uniform  nomenclature  for  Iron  and  Steel,  under  the 
Chairmanship  of  Professor  Henry  M.  Howe  of  New  York,  presented  in 
addition  to  a  list  of  definitions  and  polyglot  tables  for  Iron  and  Steel  in 
general  commercial  use,  a  proposal  for  definitions  of  its  microscopic 
constituents.  At  the  same  Congress  a  proposal  was  also  made  by  several 
investigators  who  had  voluntarily  met  together  for  this  purpose  con¬ 
cerning  the  Nomenclature  of  such  Microscopic  Constituents. 

In  consequence  of  this,  the  Council  at  its  XXI  Meeting  in  Brussels. 
August  13,  1910,  on  the  motion  of  Professor  Howe,  resolved  to  assign 
the  Uniform  Nomenclature  of  Microscopic  Constituents 
of  Iron  and  Steel  to  a  special  Committee  as  an  independent  problem, 
and  to  appoint  a  separate  Committee  (53),  under  the  Chairmanship 
of  Professor  Henry  M.  Howe,  which  was  finally  composed  as  follows: 

Chairman:  Professor  Henry  M.  Howe,  New  York. 

Secretary:  Prof.  A.  Sauveur,  Cambridge,  Mass. 

Members:  Prof.  C.  Benedicks,  Stockholm,  Dr.  H.  C.  H.  Car¬ 
penter,  Manchester,  Prof.  W.  Campbell,  New  York,  Prof.  L.  Guillet, 
Paris,  Prof.  E.  Heyn,  Berlin,  F.  Osmond,  Paris1),  Dr.  W.  Rosen- 
hain  in  Teddington,  Prof.  A.  Stansfield,  Montreal,  Dr.  J.  E.  Stead. 
Middlesborough,  Prof.  F.  Wiist,  Aix  la  Chapelle. 

This  Committee  worked  out  the  Nomenclature  of  the  Micro¬ 
scopic  Substances  and  Structures  of  Steel  and  Cast  Iron 
for  the  VI  Congress  1912,  held  in  New  York,  and  this  Nomenclature 
was  unanimously  accepted  by  the  Congress. 

Through  this  acceptance  the  work  of  the  Committee  was  finally 
ended  and  therefore  at  the  XXV  Meeting  held  in  Amsterdam  March  15, 


u*  >)  M.  Osmond’s  lamented  death  occurred  before  the  Congress,  but  he 

ci  had  approved  of  the  report  in  what  was  substantially  its  final  form. 
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1913,  the  Council,  after  having  past  a  vote  of  thanks  to  the  Committee, 
resolved  to  dissolve  it. 

At  the  XXVI  Meeting  held  in  Turin  April  4,  1914,  the  Council 
decided  to  have  the  nomenclature  as  accepted  by  the  Congress,  published 
in  a  separate  form. 

This  decision  is  herewith  carried  out. 

Before  passing  to  this  however  it  is  deemed  advisable  to  reprint 
the  introduction  of  the  report  of  the  Committee  containing  the  general 
views  by  which  they  were  guided  in  establishing  this  Nomenclature. 

“The  conditions  which  we  meet  are  (1)  that  we  need  defini¬ 
tions  on  which  all  can  agree;  this  implies  that  they  must  be  free 
from  all  contentious  matter,  and  be  based  on  what  all  admit  to  be 
true.  (2)  That  the  reader  must  needs  know  the  current  theories  as  to 
the  constitution  of  these  substances,  and  these  theories  are  necessarily 
contentious.  We  meet  these  conditions  by  the  plan  of  giving  (1),  the 
Name  which  we  recommend,  for  general  use,  followed  immediately 
in  parentheses  by  the  other  names  used  widely  enough  to  justify  re¬ 
cording  them;  (2)  the  Definition  proper,  based  on  an  undisputed 
quality,  e.  g.  that  of  austenite  which  we  base  on  its  being  an  iron- 
carbon  solid  solution,  purposely  omitting  all  reference  to  the  precise 
nature  of  solvent  and  solute;  and  (3)  Constitution  etc.  etc.,  in  which 
we  give  the  current  theories  as  to  the  nature  of  solvent  and  solute 
and  appropriate  descriptive  matter. 

The  distinction  between  these  three  parts  should  be  under¬ 
stood.  (1)  The  Names  actually  used  are  matter  of  record  and  indispu¬ 
table.  (2)  The  Definitions  are  matters  of  convention  or  treaty,  binding 
on  the  contracting  parties,  though  subject  to  denouncement,  preferably 
based  on  some  determinable  property  of  the  thing  defined  as  distin¬ 
guished  from  any  theory  as  to  its  nature,  or  if  necessarily  based  on 
anv  theory  it  should  be  a  theory  which  is  universally  accepted.  It 
is  a  matter  purely  of  convention  and  general  convenience  what  indi¬ 
vidual  property  of  the  thing  defined  shall  form  the  basis  of  the  de¬ 
finition.  The  name  and  the  definition  should  endure  permanently, 
except  in  the  case  of  a  definition  based  on  an  accepted  theory,  which 
must  be  changed  if  the  theory  should  later  be  disproved.  (3)  Theories 
and  Descriptions  are  not  matters  of  agreement  or  convention  but 
dependent  on  observation,  and  therefore  always  subject  to  be  changed 
by  new  discoveries.  They  are  temporary  in  their  nature,  as  distin- 
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guished  from  the  names  and  definitions  which  should  be  fixed,  at 
least  relatively. 

This  case  of  austenite  illustrates  the  advantage  of  non-indicative 
names.  The  names  which  we  propose  to  displace,  "gamma  iron “  and 
"mixed  crystals",  imply  definite  theories  as  to  the  nature  of  austenite, 
and  hence  might  have  to  be  abandoned  in  case  those  theories  were 
later  disproved.  The  name  "austenite"  implies  nothing,  like  minera- 
logical  names  in  general,  and  hence  is  stable  in  itself.  Our  infant  branch 
of  science  may  well  learn  from  its  elder  sister,  which  has  tried  and 
proved  the  advantage  of  this  non-indicative  naming. 

i 

In  those  cases  in  which  a  name  has  been  used  in  more  than  one 
sense  we  advise  the  retention  of  one  and  the  abandonment  of  the  others, 
having  obtained  the  consent  of  the  proposers  of  such  names  for  their 
abandonment. 

Many  whose  judgment  we  respect  object  to  our  including  certain 
of  the  less  used  names,  e.  g.  from  i  to  n  in  our  list,  holding  them  either 
to  be  confusing  or  to  be  needless. 

It  is  true  that  several  names  (hardenite,  martensite,  sorbite, 
etc.),  have  been  used  with  various  meanings,  and  hence  confusingly, 
in  spite  of  which  most  of  them  should  be  retained,  each  with  a  single 
sharp-cut  definition,  because  they  are  so  useful. 

As  regards  the  alleged  needlessness  of  certain  names,  it  is  for 
each  writer  to  decide  whether  he  does  or  does  not  need  names  with 
nice  shades  of  meaning,  such  as  osmondite  and  troosto-sorbite.  Those 
who  look  only  at  the  general  outlines  and  not  at  the  details  have  no 
right  to  forbid  the  workers  in  detail  from  having  and  using  words 
fitting  their  work;  nor  have  those  whose  needs  are  satisfied  by  the 
three  primary  colors  a  right  to  forbid  painters,  dyers,  weavers,  and 
others  from  naming  the  many  shades  with  which  they  are  concerned. 
Like  the  lexicographer  we  must  serve  the  reader  by  explaining  those 
words  which  he  will  meet,  whether  we  individually  use  or  condemn 
them.  We  feel  that  we  have  exhausted  our  powers  in  cautioning  writers 
that  certain  words  are  rare  and  not  likely  to  be  understood  by  most 
readers,  or  are  improper  for  any  reason,  and  in  urging  the  complete 
abandonment  of  those  withdrawn  by  their  proposers. 

Needless  words  will  die  a  natural  death;  needed  ones  we  cannot 
kill.  The  good  we  might  do  in  hastening  the  death  of  the  moribund 
by  omitting  them  from  this  report  is  less  than  the  good  we  do  by  teaching 
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their  meaning  to  those  who  will  meet  them  in  ante-mortem  print. 
These  readers  have  rights.  We  serve  no  class,  but  the  whole. 

Illustrations.  At  the  end  of  the  several  descriptions  the  reader 
is  referred  to  good  illustrations  in  Osmond  and  Stead's  Microscopic 
Analysis  of  Metals,  Griffin  8c  Co.,  London,  1004. 

The  theoretical  matter  in  this  report  is  given  solely  for  exposi¬ 
tion  and  the  committee  disclaims  the  intent  to  impose  any  theory. 
This  report  is  offered  for  adoption  subject  to  this  disclaimer  on  the 
ground  that  the  adoption  of  theories  is  beyond  the  powers  of  a  Congress. 


THE  NOMENCLATURE  OF  THE  MICROSCOPIC 
SUBSTANCES  AND  STRUCTURES  OF  STEEL  AND 

CAST  IRON*). 

Recommended  by  the  Sixth  Congress  of  the  International  Association 
for  Testing  Materials,  held  at  New  York,  Sept.  1912. 


I.  List  of  Microscopic  Substances. 

The  microscopic  substances  here  described  consist  of: 

1.  Metarals,  true  phases,  like  the  minerals  of  nature.  These 
are  either  elements,  definite  chemical  compounds,  or  solid  solutions 
and  hence  consisting  of  definite  substances  in  varying  proportions. 
These  include  austenite,  ferrite,  cementite,  and  graphite. 

2.  Aggregates,  like  the  petrographic  entities  as  distinguished 
from  the  true  minerals.  These  mixtures  may  be  in  definite  proportions, 
i.  e.  eutectic,  or  eutectoid  mixtures,  (ledeburite,  pearlite,  steadite) 
or  in  indefinite  proportions  (troostite,  sorbite).  Those  aggregates  which 
are  important  for  any  reason  are  here  described. 

(Many  true  minerals,  such  as  mica,  felspar,  and  hornblende, 

are  divisible  into  several  different  species  so  that  these  true  mineral 

names  may  be  either  generic  or  specific.  These  genera  and  species 

are  definite  chemical  compounds,  in  which  one  element  may  replace 

another.  Other  minerals,  such  as  obsidian,  are  solid  solutions  in  varying 
proportions,  and  in  these  also  one  element  may  replace  another.  Metarals 
like  minerals  differ  from  aggregates  in  being  severally  chemically 
homogeneous.) 

These  two  classes  may  be  cross  classified  into: 

A)  The  iron-carbon  series,  which  come  into  being  in  cooling  and 

heating. 

*)  The  theoretical  matter  in  this  Nomenclature  is  given  soleby  for  ex¬ 
position  and  the  committee  entrusted  with  the  drawing  up  of  this  work  disclaimed 
the  intent  to  impose  any  theory.  This  Nomenclature  was  offered  for  adoption 
subject  to  this  disclaimer,  on  the  ground  that  the  adoption  of  theories  is  beyond 
the  powers  of  a  Congress. 
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B)  The  important  impurities,  manganese  sulphide,  ferrous  sulphide, 
slag,  etc. 

C)  Other  substances. 

The  most  prominent  members  of  the  iron-carbon  series  are: 

I.  molten  iron,  metaral,  molten  solution,  but  hardly  a  micro¬ 
scopic  constituent. 

II.  the  components  which  form  in  its  solidification: 

a)  austenite,  solid  solution  of  carbon  or  iron  carbide  in  iron,  metaral; 

b)  cementite,  definite  metaral,  Fe3C; 

c)  graphite,  definite  metaral,  C. 

III.  the  transition  substances  which  form  through  the  trans¬ 
formation  of  austenite  during  cooling: 

d)  martensite,  metaral  of  variable  constitution;  its  nature  is  in 
dispute ; 

e)  troostite,  indefinite  aggregate,  uncoagulated  mixture; 

f)  sorbite,  indefinite  aggregate,  chiefly  uncoagulated  pearlite  plus 
ferrite  or  cementite; 

IV.  products1)  of  the  transformation  of  austenite: 

g)  ferrite; 

h)  pearlite. 

This  transformation  may  also  yield  cementite  and  graphite 
as  end  products  in  addition  to  those  under  b  and  c. 

In  addition  to  the  above,  the  names  of  which  are  universally 
recognized  and  in  general  use,  the  following  names  have  been  used 
more  or  less. 

i)  ledeburite  (Wiist),  definite  aggregate,  the  austenite-cementite 
eutectic ; 

j)  ferronite  (Benedicks)  hypothetical  definite  metara,  p  iron  con¬ 
taining  about  0*27  per  cent  of  carbon; 

k)  steadite,  (Sauveur)  definite  aggregate,  the  iron-phosphorus 
eutectic  (rare) ; 

And  three  transition  stages  in  the  transformation  of  austenite,  viz : 

l)  hardenite,  (Arnold)  collective  name  for  the  austenite  and  mar¬ 
tensite  of  eutectoid  composition; 

m)  osmondite,  (Heyn)  boundary  stage  between  troostite  and  sorbite; 


*)  In  hypo-eutectoid  steels  these  habitually  play  the  part  of  end  products, 
though  according  to  the  belief  of  most,  the  true  end  of  the  transformation  is  not 
reached  till  the  whole  has  changed  into  a  conglomerate  of  ferrite  plus  graphite. 
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n)  troosto-sorbite,  (Kourbatoff)  indefinite  aggregate,  the  troostite 
and  the  sorbite  which  lie  near  the  boundary  which  separates 
these  two  aggregates;  (obsolescent). 

II.  Definitions  and  Descriptions. 

Carbon  iron  equilibrium  diagram,  Fig.  1.  Under  the 
several  substances  about  to  be  described  an  indication  will  be  given 
of  the  parts  of  the  carbon  iron  equilibrium  diagram  Fig.  1  to  which 
they  severally  correspond. 

Austenite,  Osmond  (Fr.  Austenite,  Ger.  Austenit  called  also 
mixed  crystals  and  gamma  iron.  Up  to  the  year  1900  often  called 


lhe  line  PSK  is  often  called  “Aj". 

The  line  C i O S  is  often  called  "Aa",  and  this  name  is  sometimes  applied  to 

the  line  SE. 
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martensite,  and  wrongly  sometimes  still  so  called).  Metaral  of  variable 
composition. 

Definition.  The  iron-carbon  solid  solution  as  it  exists  above 
the  transformation  range  or  as  preserved  with  but  moderate  trans¬ 
formation  at  lower  temperatures,  e.  g.  by  rapid  cooling,  or  by  the 
presence  of  retarding  elements,  (Mn,  Ni,  etc.),  as  in  12%  manganese 
steel  and  25° 0  nickel  steel. 

Constitution  and  Composition.  A  solid  solution  of  carbon 
or  iron  carbide  (probably  Fe3C)  and  gamma  iron,  normally  stable 
only  above  the  line  PSK  of  the  carbon  iron  diagram.  It  may  have 
any  carbon  content  up  to  saturation  as  shown  by  the  line  SE  viz.: 
—  about  0*90%  at  S  (about  725°  C)  to  1*7%  at  E  (about  1130°).  The 
theory  that  the  iron  and  the  carbide  or  carbon,  instead  of  being  dis¬ 
solved  in  each  other,  are  dissolved  in  a  third  substance,  the  solution 
of  eutectic  composition  (Fe24  C,  called  hardenite)  is  not  in  accord  with 
the  generally  accepted  theory  of  the  constitution  of  solutions,  and 
is  not  entertained  widely  or  by  any  member  of  this  committee. 

Crystallization.  Isometric.  The  idiomorphic  vug  crystals  are 
octahedra  much  elongated  by  parallel  growth.  The  etched  sections 
show  much  twinning.  (Osmond  and  most  authorities.)  Le  Chatelier 
believes  it  to  be  rhombohedral.  Cleavage  octahedral. 

Varieties  and  genesis.  1.  Primary  austenite  formed  in  the 
solidification  of  carbon  steel  and  hvpo-eutectic  cast  iron;  2.  eutectic 
austenite,  interstratified  with  eutectic  cementite,  making  up  the 
eutectic  formed  at  the  end  of  the  solidification  of  steel  containing 
more  than  about  1'7%  of  carbon,  and  of  all  cast  iron. 

Equilibrium.  It  is  normal  and  in  .equilibrium  in  Region  4, 
and  also  associated  with  beta  iron  in  Region  6,  with  a  iron  in  Region  7, 
and  with  cementite  in  Region  5.  It  should  normally  transform  into 
pearlite  with  either  ferrite  or  cementite  on  cooling  past  A1  into  Region  8. 

Transformation.  In  cooling  slowly  through  the  transformation 
range.  Ar3— Arlf  austenite  shifts  its  carbon  content  spontaneously 
through  generating  pro-eutectoid  ferrite  or  cementite,  to  the  eutectoid 
ratio,  about  0*90%,  and  then  transforms  with  increase  of  volume  at 
Av1  into  pearlite,  q.  v.,  with  which  the  ejected  ferrite  or  cementite 
remains  mixed.  Rapid  cooling  and  the  presence  of  carbon,  manganese, 
and  nickel  obstruct  this  transformation,  1.  retarding  it  and  2.  lowering 
the  temperature  at  which  it  actually  occurs,  and  in  addition  3.  man¬ 
ganese  and  nickel  lower  the  temperature  at  which  in  equilibrium  it 
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is  <lue.  Hence  by  combining  these  four  obstructing  agents  in  proper 
proportions  the  transformation  may  be  arrested  at  any  of  the  inter¬ 
mediate  stages,  maitensite,  troostite,  or  sorbite1),  q.  v.,  and  if  arrested 
in  an  earlier  stage,  it  can  be  brought  to  any  later  desired  stage  by  a 
regulated  reheating  or  “tempering".  For  instance,  though  a  very  rapid 
cooling  in  the  absence  of  the  three  obstructing  elements  checks  the 
transformation  but  little,  and  only  temporarily,  yet  if  aided  by  the 
presence  of  a  little  carbon,  it  arrests  the  transformation  wholly  in  the 
martensite  stage;  and  in  the  presence  of  about  1*50%  of  carbon  such 
cooling  retains  about  half  the  austenite  so  little  altered  that  it  is  “con¬ 
siderably"  softer  than  the  usually  darker  needles  of  the  surrounding 
martensite  of  with  which  it  contrasts  sharply.  Again  either  a)  about 
12%  of  manganese  plus  1%  of  carbon,  or  b)  25%  of  nickel,  lower  and 
obstruct  the  transformation  to  such  a  degree  that  austenite  persists 
in  the  cold  apparently  unaltered,  even  through  a  slow  cooling.  (Had- 
fields’  manganese  steel  and  25%  nickel  steel,  manganiferous  and  niccoli- 
ferous  austenite  respectively.) 

Occurrence.  When  alone,  (12%  manganese  and  25%  nickel 
steel  and  Maurer  ’s  2%  carbon  plus  2%  manganese  austenite)  poly- 
hedra,  often  coarse,  much  twinned,  at  least  in  the  presence  of  marten¬ 
site,  and  readily  developing  slip  bands.  In  hardened  high-carbon  steel 
it  forms  a  ground  mass  pierced  by  zig-zag  needles  and  lances  of  mar¬ 
tensite. 

Etching.  All  the  common  reagents  darken  it  much  more  than 
cementite,  less  than  troostite  or  sorbite,  and  usualty  less,  though  some¬ 
times  more  than  martensite,  which  is  recognized  by  its  zig-zag  shape, 
and  needle  structure.  With  ferrite  and  pearlite  it  is  never  associated. 

Physical  properties.  Maurer’s  austenite  of  2%  manganese 
plus  2%  carbon  is  but  little  harder  than  soft  iron,  and  25%  nickel 
steel  and  Hadfield’s  manganese  steel  are  but  moderately  hard.  Yet 
as  usually  preserved  in  hardened  high  carbon  steel,  the  hardness  of 
austenite  does  not  fall  very  far  short  of  that  of  the  accompanying 
martensite,  probably  because  partly  transformed  in  cooling.  (Osmond’s 
words  are  that  it  is  “considerably"  softer  than  that  martensite.) 

l)  Though  the  transformation  can  be  arrested  in  such  a  way  as  to  leave 
the  whole  of  the  steel  in  the  condition  of  martensite,  it  is  doubted  by  some  whether 
it  can  be  so  arrested  as  to  leave  the  whole  of  it  in  any  of  the  other  transition 
stages.  Troostite  and  sorbite  caused  by  such  arrest  are  habitually  mixed,  troostite 
with  martensite  or  sorbite  or  both,  and  sorbite  with  pearlite  or  troostite  or  both 
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Specific  Magnetism  very  slight  unless  perhaps  in  intense 
fields.  In  Hadfield’s  manganese  steel  and  25%  nickel  steel,  very  ductile. 

Illustrations.  Microscopic  Analysis  of  Metals,  Figs.  20,  50, 
and  51,  on  pp.  39,  100,  and  101. 

Cementite  (Sorby  “intensely  hard  compound",  Ger.  Cementit, 
Fr.  Cementite,  Arnold,  crystallized  normal  carbide).  Definite  metaral. 

Definition.  Tri-ferrous  carbide,  Fe3C.  The  name  is  extended 
by  some  writers  so  as  to  include  tri-carbides  in  which  part  of  the  iron 
is  replaced  by  manganese,  or  other  elements.  Such  carbides  may  be 
called  “manganiferous  cementite",  etc. 

2.  Occurrence,  a)  pearlitic.  as  a  component  of  pearlite,  q.  v. ; 
b)  eutectic ;  c)  primary  or  pro-eutectic ;  d)  pro-eutectoid ;  e)  that  liberated 
by  the  splitting  up  of  the  eutectic  or  of  pearlite;  and  f)  uncoagulated 
in  sorbite,  troostite,  and  perhaps  martensite,  c),  d),  and  e)  are  grouped 
together  as  “free"  or  "massive". 

Primary  cementite  is  generated  in  cooling  through  Region  3; 
eutectic  cementite  on  cooling  past  the  line  EBD;  pro-eutectoid  cemen¬ 
tite  in  cooling  through  Region  5;  pearlitic  cementite  on  cooling  past 
the  line  PSK,  or  Ax.  Though  the  several  varieties  of  cementite  are 
generally  held  to  be  all  metastable,  tending  to  break  up  into  graphite 
plus  either  austenite  above  Ax  or  ferrite  below  Alf  yet  they  have  a 
considerable  and  often  great  degree  of  persistence.  The  graphitizing 
tendency  is  completely  checked  in  the  cold,  but  increases  with  the 
temperature,  and  with  the  proportion  of  carbon  and  of  silicon  present, 
and  is  opposed  by  the  presence  of  manganese. 

3.  Crystallization.  Orthorhombic,  in  plates. 

1.  Structure,  a)  Pearlitic,  in  parallel  unintersecting  plates 
alternating  with  plates  of  ferrite;  b)  Eutectic,  plates  forming  a  net¬ 
work  filled  with  a  fine  conglomerate  of  pearlite  with  or  without  pro- 
eutectoid  cementite;  c)  Primary,  in  manganiferous  white  cast  iron  etc., 
in  rhombohedral  plates;  d)  In  hyper-eutectoid  steel,  pro-eutectoid 
cementite  forms  primarily  a  network  enclosing  meshes  of  pearlite, 
through  which  cementite  plates  or  spines  sometimes  shoot  if  the  ent- 
work  is  coarse;  e)  Cementite  liberated  from  pearlite  merges  with  any 
neighbouring  cementite;  f)  The  structure  of  uncoagulated  cementite 
cannot  be  made  out.  On  long  heating  the  pro-eutectoid  and  pearlitic 
cementite  spheroidize  slowly,  and  neighbouring  particles  merge;  g)  In 
white  irons  rich  in  phosphorus  in  flat  plates  embedded  in  iron-carbon- 
phosphorus  eutectic. 
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5.  Etching  etc.  After  polishing  stands  in  relief.  Brilliant  white 
after  etching  with  dilute  hydrochloric  or  picric  acid;  darkened  by 
boiling  with  solution  of  sodium  picrate  in  excess  of  sodium  hydrate. 

6.  Physical  properties.  Hardest  component  of  steel.  Hard¬ 
ness  =  6  of  Mohs  scale.  Scratches  glass  and  felspar  but  not  quartz; 
very  brittle.  Specific  magnetism  about  two-thirds  that  of  pure  iron. 

Illustrations,  Microscopic  Analysis  of  Metals,  Figs.  42,  and 
43  on  pp.  81,  83. 

Martensite  (Fr.  Martensite,  Ger.  Martensit),  Metaral.  Its  nature 
is  in  dispute. 

Definition.  The  earl)’  stage  in  the  transformation  of  austenite 
characterized  by  needle  structure  and  great  hardness,  as  in  hardened 
high-carbon  steel. 

Constitution.  1.  (Osmond  and  others),  a  solid  solution  like 
austenite,  q.  v.,  except  that  the  iron  is  partly  beta,  whence  its  hard¬ 
ness,  and  partly  alpha,  whence  its  magnetism  in  mild  fields.  II.  (Le 
Chatelier)  the  same  except  that  its  iron  is  essentially  alpha,  and  the 
hardness  due  to  the  state  of  solid  solution.  III.  (Arnold)  a  special  struc¬ 
tural  condition  of  his  “hardenite"  (austenite);  not  widely  held.  IV.  A 
solid  solution  in  gamma  iron.  V.  (Benedicks.)  The  same  as  I,  except 
that  the  iron  is  wholly  beta,  and  that  beta  iron  consists  of  alpha  iron 
containing  a  definite  quantity  of  gamma  iron  in  solution. 

Equilibrium.  It  is  not  in  equilibrium  in  any  part  of  the  dia¬ 
gram,  but  represents  a  metastable  condition  in  which  the  metal  is 
caught  during  rapid  cooling,  in  transit  between  the  austenite  con¬ 
dition  stable  above  the  line  A  x,  and  the  condition  of  ferrite  plus  cemen- 
tite  into  which  the  steel  habitually  passes  on  cooling  slowly  past  the 
line  A  v 

Occurrence.  The  chief  constituent  of  hardened  carbon  tool 
steels,  and  of  medium  nickel-  and  manganese-steels.  In  still  less  fully 
transformed  steels  (1*50%  carbon  steel  rapidly  quenched,  etc.)  it  is 
associated  with  austenite;  in  more  fully  transformed  ones  (lower  carbon 
steels  hardened,  high  carbon  steels  oil  hardened,  or  water  hardened 
and  slightly  tempered,  or  hardened  thick  pieces  even  of  high  carbon 
steel)  it  is  associated  with  troostite,  and  with  some  pro-eutectoid  ferrite 
or  cementitc,  q.  v.,  in  hypo-  and  hyper-eutcctoid  steels  respectively. 
In  tempering  it  first  changes  into  troostite;  at  350  —  400°  it  passes 
through  the  stage  of  osmondite;  at  higher  temperatures  it  changes 
into  sorbite;  and  at  700°  into  granular  pearlite.  On  heating  into  the 
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transformation  range  this  changes  into  austenite,  which  on  cooling 
again  yields  lamellar  pearlite. 

Characteristic  specimens  are  had  by  quenching  bars  1  cm  square 
of  eutectoid  steel,  i.  e.  steel  containing  about  0*9%  of  carbon  in  cold 
water  from  800°  C  (1472°  F). 

Structure.  When  alone,  habitually  in  flat  plates  made  up  of 
intersecting  needles  parallel  to  the  sides  of  a  triangle.  When  mixed 
with  austenite,  zig-zag  needles,  lances,  and  shafts. 

If  produced  by  quenching  after  heating  to  735°  C,  it  consists 
of  minute  crystallites  resembling  the  globulites  of  Vogelsang,  which 
are  rarely  arranged  in  triangular  order.  At  times  so  fine  as  to  suggest 
being  amorphous. 

Etching.  With  picric  acid,  iodine,  or  very  dilute  nitric  acid 
etches  usually  darker  than  austenite,  but  sometimes  lighter,  always 
darker  than  ferrite  and  cementite,  but  always  lighter  than  troostite.  • 

Illustrations,  Microscopic  Analysis  of  Metals,  Figs.  19,  p.  38, 
Fig.  52  on  p.  102. 

Ferrite  (Fr.  Ferrite,  Ger.  Ferrit),  definite  metaral. 

1.  Definition.  Free  alpha-iron. 

2.  Composition.  Nearly  pure  iron.  It  may  contain  a  little  phos¬ 
phorus  and  silicon,  but  its  carbon  content  if  any  is  always  small,  at 
the  most  not  more  than  0*05%,  and  perhaps  never  as  much  as  0*02%, 

3.  Occurrence,  (a),  pearlitic  as  a  component  of  pearlite, 
q.  v.;  (b),  pro-eutectoid  ferrite  generated  in  slow  cooling  through  the 
transformation  range;  (c)  that  segregated  from  pearlite,  i.  e.  set  free 
by  the  splitting  up  of  pearlite,  especially  in  low  carbon  steel;  (d)  un¬ 
coagulated  as  in  sorbite,  and  probably  troostite,  (b)  and  (c)  are 
classed  together  as  free  or  massive. 

Thus  ferrite  is  normal  and  stable  in  regions  7  and  8. 

4.  Crystallisation,  isometric,  in  cubes  or  octahedra. 

5.  Structure,  (a)  pearlitic  ferrite,  unintersecting  parallel  plates 
alternating  with  plates  of  cementite;  (b)  pro-eutectoid  ferrite  in  low- 
carbon  steel  forms  irregular  polygons,  each  with  uniform  internal 
orientation.  In  higher  carbon  steel,  after  moderately  slow  cooling, 
especially  in  the  presence  of  manganese,  it  forms  a  network  enclosing 
meshes  of  pearlite.  In  slower  cooling  this  network  is  replaced  by  irre¬ 
gular  grains  separated  by  pearlite;  (c)  the  ferrite  set  free  by  the  splitting 


up  of  pearlite  merges  with  the  pro-eutectoid  ferrite  if  any:  (d)  the 
structure  of  the  ferrite  in  sorbite  etc.  cannot  be  made  out. 

6.  Etching.  Dilute  alcoholic  nitric  or  picric  acid  on  light  etching 
leaves  the  ferrite  grains  white  with  junctions  which  look  dark.  Deeper 
etching,  by  Hevn’s  reagent  or  its  equivalent,  reveals  the  different 
orientation  of  the  crystals  or  grains,  (a)  as  square  figures  parallel  to 
the  direction  of  the  etched  surface,  (b)  as  plates  which  dip  at  varying 
angles  and  become  dark  or  bright  when  the  specimen  is  rotated  under 
oblique  illumination.  Still  deeper  etching  reveals  the  component  cubes, 
(etching  figures,  Atzfiguren),  at  least  if  the  surface  is  nearly  parallel 
to  the  cube  faces. 

7.  Physical  Properties.  Soft;  relatively  weak  (tenacity  about 
10.000  lbs.  per  sq.  in.);  very  ductile;  strongly  ferro-magnetic ;  coerci- 
tive  force  very  small. 

Grain  Size.  For  important  purposes  (1)  etch  deeply  enough, 
e.  g.  with  copper-ammonium  chloride,  to  reveal  clearly  the  junctions 
of  the  grains;  (2)  count  on  a  photograph  of  small  magnification  the 
number  of  grains  in  a  measured  field  so  drawn  as  to  exclude  fragments 
of  grains;  after  (3)  determining  the  true  grain  boundaries  by  examina¬ 
tion  under  high  powers  (Heyn's  method).  Deep  nitric  acid  etching  is 
inaccurate,  because  an  apparent  grain  boundary  may  contain  several 
grains. 

Illustrations,  Microscopic  Analysis  of  Metals,  Figs.  41,  56, 
pp.  79,  116. 

Omondite  (Fr.  Osmondite,  Ger.  Osmondit). 

Definition.  That  stage  in  the  transformation  of  austenite  at 
which  the  solubility  in  dilute  sulphuric  acid  reaches  its  maximum 
rapidity.  Arbitrarily  taken  as  the  boundary  between  troostite  and 
sorbite. 

Earlier  Definition.  Defined  at  the  Yth  Congress  as  having 
the  “maximum  solubility  in  acids  and  by  a  maximum  coloration  under 
the  action  of  acid  metallographic  reagents".  The  present  definition 
is  confined  to  maximum  rapidity  of  dissolving,  because  we  do  not  yet 
know  that  this  in  all  cases  co-exists  with  the  maximum  depth  of  colo¬ 
ration,  and  in  any  case  in  which  these  two  should  not  co-exist,  the 
old  definition  does  not  decide  which  is  true  osmondite. 

Constitution.  The  following  hypotheses  have  been  suggested, 
none  of  which  has  firm  experimental  foundation.  1.  A  solid  solution 
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of  carbon  or  an  iron  carbide  in  alpha  iron.  2.  The  colloidal  system  of 
Benedicks  in  its  purity,  troostite  being  this  system  while  forming 
at  the  expense  of  martensite,  and  sorbite,  being  this  system  coagulating 
and  passing  into  pearlite.  3.  The  stage  of  maximum  purity  of  amorphous 
alpha  iron  on  the  way  to  crystallising  into  ferrite. 

Occurrence.  Hardened  carbon  steel  of  about  1%  of  carbon 
when  reheated  (tempered)  to  350  —  400°  C  passes  through  the  stage 
of  troostite  to  that  of  osmondite,  and  on  higher  heating  to  that  of 
sorbite.  What  variation  if  any  from  this  temperature  is  needed  to 
bring  hardened  steel  of  other  carbon  content  to  the  osmondite  stage 
is  not  known.  In  that  it  represents  a  true  boundary  state  between 
troostite  and  sorbite,  it  differs  in  meaning  from  troosto-sorbite,  which 
embraces  both  the  troostite  and  the  sorbite  which  lie  near  this  boun¬ 
dary.  Indeed  osmondite  has  sometimes  been  used  in  this  looser  sense. 
Writers  are  cautioned  that,  however  useful  these  terms  may  prove 
for  making  these  nice  discriminations,  they  are  not  likely  to  be  familiar 
to  general  readers. 

Etching.  According  to  Heyn  it  differs  from  troostite  and  sorbite 
in  being  that  stage  in  tempering  which  colors  darkest  on  etching  with 
alcoholic  hydrochloric  acid. 

The  present  definition  and  description  of  osmondite  should 
displace  previous  ones,  because  they  have  the  express  approval  of 
Professor  Heyn,  the  proposer  of  the  name,  and  M.  Osmond  himself. 

Ferronite  (Fr.  Ferronite,  Ger.  Ferronit)  (Benedicks)  hypothetical 
definite  metaral. 

Definition.  Solid  solution  of  about  0*27%  of  carbon  in  beta 

iron. 

Occurrence,  (hypothetical).  In  slowly  cooled  steels  and  cast 
iron  containing  0*50%  of  combined  carbon  or  more,  that  which  is 
generally  believed  to  be  ferrite,  whether  pearlitic  or  free,  is  supposed 
by  Benedicks  to  be  ferronite. 

Hardenite  (Fr.  Hardenite,  Ger.  Hardenit). 

Definition.  Collective  name  for  austenite  and  martensite  of 
eutectoid  composition.  It  includes  such  steel  (1)  when  above  the  trans¬ 
formation  range,  and  (2)  when  hardened  by  rapid  cooling. 

Observations.  On  the  generally  accepted  theory  that  austenite 
is  a  solid  solution  of  carbon  or  an  iron  carbide  in  iron,  hardenite  is 
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the  solution  of  the  lowest  transformation  temperature,  i.  e.  the  eutectoid. 
The  theory  that  instead  it  is  a  definite  chemical  compound,  Fe24  C, 
is  considered  under  Austenite.  Its  proposer  includes  under  hardenite 
both  eutectoid  (0*90%  carbon)  austenite  when  above  the  transfor¬ 
mation  range,  and  the  martensite  into  which  that  austenite  shifts  in 
rapid  cooling  (hardening). 

Other  Meanings.  Originally  (Howe,  1888)  collective  name 
for  austenite  and  martensite  of  any  composition  in  carbon  steel.  Osmond 
(1897),  austenite  saturated  with  carbon,  Both  these  meanings  are 
withdrawn  by  their  proposers. 

Pearlite  (Sorby’s  "pearly  constituent".  At  first  written  "pearlyte" 
Fr.  Perlite,  Ger.  Perlit)  Aggregate. 

Definition.  The  iron-carbon  eutectoid,  consisting  of  alternate 
masses  of  ferrite  and  cementite. 

Constitution  and  Composition.  A  conglomerate  of  about 
6  parts  of  ferrite  to  1  of  cementite.  When  pure,  contains  about  0*90% 
of  carbon,  99T0%  of  iron. 

Occurrence.  Results  from  the  completion  of  the  transformation 
of  austenite  brought  spontaneously  to  the  eutectoid  carbon-content, 
and  hence  occurs  in  all  carbon  steels  and  cast  iron  containing  com¬ 
bined  carbon  and  cooled  slowly  through  the  transformation  range, 
or  held  at  temperatures  in  or  but  slightly  below  that  range,  long  enough 
to  enable  the  ferrite  and  cementite  to  coagulate  into  a  mass  micros¬ 
copically  resoluble.  Hence  it  is  the  normal  constituent  in  Region  8. 
Its  ferrite  is  stable  but  its  cementite  is  metastable  and  tends  to  trans¬ 
form  into  ferrite  and  graphite. 

Varieties  and  Structure.  Because  pearlite  is  formed  by 
the  coagulation  of  the  ferrite  and  cementite  initially  formed  as  the 
irresoluble  emulsion,  sorbite,  (Arnold's  sorbitic  pearlite)  there  are 
the  indefinitely  bounded  stages  of  sorbitic  pearlite,  (Arnold's 
normal  pearlite),  i.  e.  barely  resoluble  pearlite,  in  the  border  land  bet¬ 
ween  sorbite  and  laminated  pearlite;  granular  pearlite,  in  which 
the  cementite  forms  fine  globules  in  a  matrix  of  ferrite;  and  laminated 
or  lamellar  pearlite,  consisting  of  fine,  clearly  defined,  non-inter¬ 
secting,  parallel  lamellae  alternately  of  ferrite  and  cementite.  The 
name  granular  pearlite  was  first  used  by  Sauveur  to  represent 
what  is  now  called  sorbite.  This  meaning  has  been  withdrawn. 
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An  objection  to  Arnold's  name  “normal  pearlite"  is  that  it  is 
likely  to  mislead.  “Normal"  here  apparently  refers  to  arising  under 
normal  conditions  of  cooling,  but  (1)  it  rather  suggests  structure  normal 
for  pearlite,  which  surely  is  the  lamination  characteristic  of  eutectics 
in  general,  and  (2)  the  general  reader  has  no  clue  as  to  what  conditions 
of  cooling  are  here  called  normal.  Many  readers  are  not  manufacturers, 
and  even  in  manufacture  itself  air  cooling  is  normal  for  one  branch 
and  extremely  slow  furnace  cooling  for  another.  Arnold  calls  troostite 
“troostitic  pearlite"  and  sorbite  “sorbitic  pearlite".  This  is  contrary 
to  general  usage,  which  restricts  pearlite  to  microscopically  resoluble 
masses. 

Etching.  After  etching  with  dilute  alcoholic  nitric  or  picric 
acid  it  is  darker  than  ferrite  or  cementite  but  lighter  than  sorbite  and 
troostite.  A  magnification  of  at  least  250  diameters  is  usually  needed 
for  resolving  it  into  its  lamellae,  though  the  pearlite  of  blister  steel 
can  often  be  resolved  with  a  magnification  of  25  diameters.  The  more 
rapidly  pearlite  is  formed,  the  higher  the  magnification  needed  for 
resolving  it. 

Illustrations,  lamellar  pearlite.  Osmond  and  Stead,  Micros¬ 
copic  Analysis,  Fig.  11,  p.  19,  Granular  pearlite,  idem  Fig.  18,  p.  36; 
Heyn  and  Bauer,  Stahl  und  Eisen  1906,  Fig.  14,  opposite  p.  785. 

Graphite  (Ger.  Graphit,  Fr.  Graphite),  definite  metaral. 

Definition.  The  free  elemental  carbon  which  occurs  in  iron 
and  steel. 

Composition.  Probably  pure  carbon,  identical  with  native 
graphite. 

Genesis.  Derived  in  large  part,  and  according  to  Goerens  wholly, 
from  the  decomposition  of  solid  cementite.  Others  hold  that  its  forma¬ 
tion  as  kish  may  be  from  solution  in  the  molten  metal,  and  that  part 
of  the  formation  of  temper  graphite  may  be  from  elemental  carbon 
dissolved  in  austenite.  It  is  the  stable  form  of  carbon  in  all  parts  of  the 
diagram. 

Occurrence.  1.  as  kish,  flakes  which  rise  to  the  surface  of  molten 
cast  iron  and  usually  escape  thence; 

2.  as  thin  plates,  usually  curved,  e.  g.  in  gray  cast-iron,  repre¬ 
senting  carbon  which  has  separated  during  great  mobility,  i.  e.  near 
the  melting  range; 
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3.  as  temper  graphite  (Ger.  Temperkohle,  Ledebur)  pulverulent 
carbon  which  separates  from  cementite  and  austenite,  especially  in 
the  annealing  process  for  making  malleablized  castings. 

Graphite  and  ferrite  are  sometimes  associated  in  a  way  which 
suggests  strongly  that  they  represent  a  graphite-austenite  eutectic. 
But  the  existence  of  such  a  true  eutectic  is  doubted  by  most  writers. 

Properties.  Hexagonal.  H.  1  —  2.  Gr.  2*255.  Streak  black  and 
shining,  lustre  metallic;  macroscopic  color,  iron  black  to  dark  steel 
gray,  but  always  black  when  seen  in  polished  sections  of  iron  or  steel 
under  the  microscope;  opaque;  sectile;  soils  paper;  flexible;  feel,  greasy. 

Troostite  (Fr.  Troostite,  Ger.  Troostit).  Probably  aggregate. 
(Arnold,  troostitic  pearlite). 

Definition.  In  the  transformation  of  austenite,  the  stage  follow¬ 
ing  martensite  and  preceding  sorbite  (and  osmondite  if  this  stage 
is  recognized). 

Constitution  and  composition.  An  uncoagulated  con¬ 
glomerate  of  the  transition  stages.  The  degree  of  completeness  of  the 
transformation  represented  by  it  is  not  definitely  known  and  pro¬ 
bably  varies  widely.  Osmond  and  most  others  believe  that  the  trans¬ 
formation,  while  generally  far  advanced,  yet  falls  materially  short 
of  completion;  but  Benedicks  and  Arnold  (9)  believe  that  it  is  complete. 
The  former  belief  that  it  is  a  definite  phase,  e.  g.  a  solid  solution  of 
carbon  or  an  iron  carbide  in  either  g  or  b  iron,  is  abandoned.  Its  carbon - 
content  like  that  of  austenite  and  martensite  varies  widely. 

Occurrence.  It  arises  either  on  reheating  hardened  (e.  g.  marten¬ 
sitic  steel)  to  slightly  below  400°,  or  on  cooling  through  the  trans¬ 
formation  range  at  an  intermediate  rate,  e.  g.  in  small  pieces  of  steel 
when  quenched  in  oil,  or  quenched  in  water  from  the  middle  of  the 
transformation  range,  or  in  the  middle  of  larger  pieces  quenched  in 
water  from  above  the  transformation  range.  With  slightly  farther 
reheating  it  changes  into  sorbite;  with  higher  heating  into  sorbitic 
pearlite,  then  slowly  into  granular  pearlite,  and  probably  indirectly 
into  lamellar  pearlite.  It  occurs  in  irregular,  fine-granular  or  almost 
amorphous  areas,  colored  darker  by  the  common  etching  reagents  than 
the  martensite  or  sorbite  accompanying  it.  A  further  common  means 
of  distinguishing  it  from  sorbite  is  that  it  is  habitually  associated  with 
martensite,  whereas  sorbite  is  habitually  associated  with  pearlite. 
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Areas  near  the  boundary  between  troostite  and  sorbite  are  some¬ 
times  called  troosto-sorbite. 

Properties.  Hardness,  intermediate  between  that  of  the  marten¬ 
sitic  and  the  pearlitic  state  corresponding  to  the  carbon  content  of  the 
specimen.  In  general  the  hardness  increases,  the  elastic  limit  rises^ 
and  the  ductility  decreases,  as  the  carbon-content  increases.  Its  ductil¬ 
ity  is  increased  rapidly  and  its  hardness  and  elastic  limit  lowered 
rapidly  by  further  tempering,  which  affects  it  much  more  markedly 
than  sorbite. 

Sorbite  (Fr.  Sorbite,  Ger.  Sorbit).  Aggregate.  (Arnold,  sorbitic 
pearlite.) 

Definition.  In  the  transformation  of  austenite,  the  stage  follow¬ 
ing  troostite  and  osmondite,  if  this  stage  is  recognized,  and  preceding 
pearlite. 

Constitution  and  Composition.  Most  writers  believe  that 
it  is  essentially  an  uncoagulated  conglomerate  of  irresoluble  pearlite 
with  ferrite  in  hypo-  and  cementite  in  hyper-eutectoid  steels  respect¬ 
ively,  but  that  it  often  contains  some  incompletely  transformed  matter. 

Occurrence.  The  transformation  can  be  brought  to  the  sorbitic 
stage  (1)  by  reheating  hardened  steel  to  a  little  above  400°,  but  not 
to  700°  at  which  temperature  it  coagulates  into  granular  pearlite; 
(2)  by  quenching  small  pieces  of  steel  in  oil  or  molten  lead  or  even  by 
air-cooling  them;  (3)  by  quenching  in  water  from  just  above  the  bottom 
of  the  transformation  range,  Arx  Sorbite  is  ill-defined,  almost  amor¬ 
phous,  and  is  colored  lighter  than  troostite  but  darker  than  pearlite 
by  the  usual  etching  reagents.  It  differs  further  from  troostite  in  being 
softer  for  given  carbon  content,  and  usually  in  being  associated  with 
pearlite  instead  of  martensite,  and  from  pearlite  in  being  irresoluble 
into  separate  particles  of  ferrite  and  cementite. 

As  sorbite  is  essentially  a  mode  of  aggregation  it  cannot  properly 
be  represented  on  the  equilibrium  diagram.  Its  components  at  all 
times  tend  to  coagulate  into  pearlite,  yet  it  remains  in  its  uncoagulated 
state  at  all  temperatures  below  400°. 

Properties.  Though  slightly  less  ductile  than  pearlitic  steel 
for  given  carbon  content,  its  tenacity  and  elastic  limit  are  so  high  that 
a  higher  combination  of  these  three  properties  can  be  had  in  sorbitic 
than  in  pearlitic  steels  by  selecting  a  carbon  content  slightly  lower 
than  would  be  used  for  a  pearlitic  steel.  Hence  the  use  of  sorbitic  steels. 
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e.  g.  first  hardened  and  then  annealed  cautiously,  for  structural  pur¬ 
poses  needing  the  best  quality. 

Manganese  Sulphide  (Fr.  [Sulphure  [de  Manganese,  Ger. 
Schwefelmangan) ,  MnS,  (Arnold  and  Waterhouse).  Metaral. 

Occurrence  etc.  Sulphur  combines  with  the  manganese  present 
in  preference  to  the  iron,  forming  pale  dove  or  slate  gray  masses,  rounded 
in  castings,  elongated  in  forgings. 

t 

Ferrous  Sulphide  (Fr.  Sulphure  de  Fer,  Ger.  Schwefeleisen), 
FeS.  Metaral. 

Occurrence.  The  sulphur  not  taken  up  by  the  manganese 
forms  ferrous  sulphide,  FeS,  which,  probably  associated  in  part  with 
iron  as  an  Fe— FeS  eutectic,  forms  by  preference  more  or  less  con¬ 
tinuous  membranes  surrounding  the  grains  of  pearlite.  Color,  yellow,, 
or  pale  brown. 

Sulphur  Prints.  When  silk  impregnated  with  mercuric  chloride 
and  hydrochloric  acid  (Heyn’s  and  Bauer's  method)  or  bromide  paper 
moistened  with  sulphuric  acid  (Baumann’s  method)  is  pressed  on 
polished  steel,  the  position  of  the  sulphur-bearing  areas,  whether  of 
FeS  or  MnS,  records  itself  by  the  local  blackening  which  the  evolved 
h2s  causes.  Phosphorus  bearing  areas  also  blacken  Baumann's  bromide 
paper. 

Miscellaneous. 

Eutectoid,  Saturated,  etc.  The  iron  carbon  eutectoid  is- 
pearlite.  Steel  with  more  carbon  than  pearlite  is  called  hyper-eutectoid, 
that  with  less  is  called  hypo-eutectoid.  Arnold's  names  “saturated", 
“unsaturated",  and  “supersaturated",  for  eutectoid,  hypo-eutectoid, 
and  hyper-eutectoid  steel  respectively,  have  considerable  industrial 
use  in  English  speaking  countries,  but  are  avoided  by  most  scientific 
writers  on  the  ground  that  they  are  misleading,  because,  e.  g.  there 
is  only  one  specific  temperature,  Alf  at  which  eutectoid  steel  is  actually 
saturated,  and,  if  any  other  temperature  is  in  mind,  that  steel  is  not 
saturated.  Above  Ax  it  is  clearly  undersaturated. 

The  objection  to  the  names  sorbite,  troostite,  martensite,  and 
austenite,  that  each  of  them  covers  steel  of  a  wide  range  of  carbon 
content,  is  to  be  dismissed  because  a  like  objection  applies  with  equal 
.  force  to  every  generic  name  in  existence. 


■ 
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NOMENCLATURE  OF  SOME  TECHNICAL 

TERMS  x). 


The  Council,  at  its  XX  Meeting  held  at  Frankfort-on-Maine, 
Febr.  5, 1910,  acting  on  the  suggestion  made  by  Prof.  A.  Mesnager  at 
the  VI  Congress  in  Copenhagen  1909,  nominated  a  Committee  for 
the  establishing  of  a  nomenclature  of  Technical  Expressions 
which  apply  especially  to  internal  stresses.  There  are  indeed  a  large 
number  of  terms  of  badly  defined  signification  which  are  constantly 
being  used  by  technical  men  in  very  diverse  and  often  ;n  a  diametri¬ 
cally  opposite  sense. 

The  Committee  was  composed  as  follows: 

Chairman:  Prof.  A.  Mesnager,  Paris. 

Members:  Mr.  N.  Antochine,  St.  Petersburg,  Prof.  G.  H. 
Gulliver,  Edinburgh,  Prof.  E.  Hejm,  Berlin-Lichterfelde,  Prof.  B. 
Kirsch,  Vienna,  Prof.  A.  Rejto,  Budapest. 

In  order  to  make  a  beginning  the  Committee  submitted  the 
following  Nomenclature  to  the  VI  Congress  held  in  New  York  1912, 
which  was  unanimously  accepted. 

After  the  Congress  Prof.  A.  N.  Talbot,  Urbana  Ill.  joined  the 
Committee. 

The  Committee  is  continuing  its  work  and  intends  in  due  course 
to  bring  forward  additions  to  this  first  communication. 


*)  An  error  has  slipped  into  the  Proceedings  of  the  VI  Congress.  In  the 
Nomenclature  of  Some  Technical  Terms  some  English  expressions  are  not  in  con¬ 
formity  with  those  proposed  in  Report  XXVII^  submitted  by  the  Committee 
and  accepted  by  Section  C  and  the  Full  Meeting.  It  is  therefore  necessary  to 
rectify  in  the  Proceedings  of  the  Closing  Meeting  p.  5  and  in  the  Proceedings 
of  the  XXIV  Meeting  of  the  Council  p.  439,  the  English  terms  in  conformity 
with  the  above  Nomenclature. 
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1.  The  VI  Congress  recommended  for  the  total  or  absolute 
force  the  terms: 

in  French:  Force,  effort  (de  traction,  de  compression, 
de  cisaillement) ; 

in  German:  Kraft,  Zugkraft,  Druckkraft,  Schubkraft 
oder  Scherkraft; 

in  English:  Force,  Load  (tensile,  compressive,  shearing), 
Pull  and  Thrust. 

2.  The  VI  Congress  recommended  for  the  forces  (efforts)  per 
unit  of  area: 

in  French:  Tension,  pression,  cisaillement;  (tension 
normale,  pression  normale,  tension  tangen tielle) ; 

in  German:  Zugspannung  Druckspannung,  Schub- 
spannung; 

in  English:  Tension,  Pressure,  Shear;  or  Stress  (tensile, 
compressive,  shearing). 

The  terms:  frottement  interieur,  innere  Reibung,  inter¬ 
nal  friction,  to  be  reserved  for  the  resistance  to  gliding  offered 
by  the  material  in  a  direction  parallel  to  the  plane  in  which  gliding 


occurs. 


HYDRAULIC  TESTING 


Patent  SCHILLER 


MACHINE 


Patent  SCHILLER 


Themost  approved 
machine  for  testing 
all  kinds  of  metals. 

The  most  handy 
and  compact 
machine,  requiring 
the  smallest  floor 
space. 


The  machine  can 
be  erected  in  a  very 
small  room. 


Directly  applicable 
for  testing  bars, 
rings, for  conducting 
compression  and 
ball^pressure  tests, 
punching  and  shear 
tests;  further  for 
determining  the  elas* 
tic  limit  or  limit  of 
proportionality,  the 
yield  point,  and  the 
point  at  which 
flowing  commences. 

Floor  space  about 
1  m2  (10  sq.  ft.). 
Weight  about 
350  kg  (750  lb.) 


FOR  TESTING  BARS  MAXIMUM  LOAD  35000  kgs. 
FOR  TESTING  RINGS  MAXIMUM  LOAD  50000  kgs. 


DONAUWERK 

ERNST  KRAUSE  &  Co. 

PRAGUE  II  VIENNA  XX/2  BUDAPEST  V 

Elisabethstrasse  10  Engerthstrasse  165 


Alkotm^ny-utcza  4 
(Palatinus-paldta) 


BERLIN  NW  87 


:  Agents  for  other  countries:  : 

ALFRED  I.  SCHDTTE 


KOLN - DEUTZ 


BRUSSELS  □  PARIS  □  MILAN  □  BARCELONA  □  BILBAO 
ST.  PETERSBURG  □  NEW-YORK. 

England:  Alfred  Herbert,  Ltd.,  Machine  Tool  Makers  Coventry. 


Diisseldorfer  Maschinenbau  -Actiengesellschaft 


vorm.  J.  LOSENHAUSEN 


DUSSELDORF-GRAFENBERG. 


Material  Prufmaschinen 

zum  Priifen  von  Metallen,  Seilen,  Ketten,  Federn, 
Baumaterialien,  mit  Ausriistung  fur  Versuche  auf 
Zug-,  Druck-,  Biegungs-,  Scher-  und  Torsionsfestigkeit. 

Feststellung  der  Prufungsresultate  durch  selbsttatige  Schreibapparate  und  Dehnungsmesser. 
Kraftmessung  durch  Laufgewichte  oder  hydraul.  MeBdose. 


Harte- 

Prufmaschinen. 


Fallwerke. 

Pendel- 

Schlagwerke. 


5005 


GuBeisen-Prufmaschine  fiir  Biege-  und  Zugproben. 


Mannheimer  Maschinenfabrik 

MOHR  &  FEDERHAFF,  MANNHEIM  (Baden). 

SpeziakFabrik  fur 

MaterialprufungS'Maschinen. 


50-t.  Zerreifimaschine  rait 
Laufgewichtswaage. 


Pendel-Schlagwerk,  ^System 
Charpy*. 


Liegende  Prufungsmaschine 
mit  elektrischem  Antrieb. 


Universal-Prufangsmaschine 
mit  Mefldose. 


Apparatus  for  Ascertaining 
ss  the  Hardness  of  Metals,  ss 


In  daily  use  at  the  most  pro-* 
minent  Material-testing  Labora¬ 
tories,  Steel  'Works,  Shipyards, 
Railways,  Government-Works, 
Factories  for  the  manufacture  of 
Guns,  Projectiles,  Automobiles. 
Tools  etc.  over  the  whole  world, 
Exact  results  are  obtained  even 
should  the  pressure  gange  fail  in 
□  showing  a  correct  reading.  □ 


Detailed  prospectus,  certificates 
from  the  Kgl.  Materialpriifungs- 
Anstalt  ofGross-Lichterfelde  and 
from  the  Royal  Technical  Uni- 
versity  of  Stockholm,  together 
with  reference-list  are  forwarded 
□  □  on  request.  □  □ 


□  □  SOLE  AGENTS  for: 

GERMANY:  Ing.  P.  F.  Dujardin 
&  Co.,  Breitestrafie  71,  Diissel- 
dorf  74. 

FRANCE:  Jarre  &  Cie.,  Boule- 
vard  Haussmann  43,  Paris. 

BELGIUM:  Philippe  &  L.  Jean 
Berger,  Charleroi. 

GREAT  BRITAIN:  J.  W.  Jack- 
man  &  Co.Lim.,  Caxton  House, 
Westminster,  London  S.  W. 

HOLLAND  :  Wynmalen  &  Haus- 
mann,  Glashaven  2,  Rotterdam. 


AKTIEBOLAGET  ALPHA 

□  □  □  □  STOCKHOLM  C  1,  Sweden.  D  □  □  □ 

-  --  —  Telegraphic  address:  AKTIEALPHA,  Stockholm.  ■ 


Carl  Schenck 


Eisengiefierei  und 
Maschinen-Fabrik 


Darmstadt 

Gesellschaft  mit  beschrankter  Haftung. 


Materialpriifungsmaschinen  mit  Laufgewichtswage 

oder  MeBdose. 

Kettenprufungsmaschinen  bis  200  tons. 
Fedcrprtifungsmaschincn.  —  Pendelschlagwerke. 

indenprufungsmaschinen. 


AMSLER  BROTHERS 

Schaffhausen  (Switzerland). 

TESTING  MACHINES  in  all  sizes 


1000  foot  lbs.  Torsion  Machine. 


for  tension,  com¬ 
pression,  bending, 
torsion,  impact, 
hardness, 
abrasion,  permea¬ 
bility  etc. 
tests  of  metals, 
cement,  concrete, 
stone,  wood  etc. 


100,000  lbs.  Tension,  Compression 
and  Bending  Machine. 


4000  lbs.  Tension  and 
Compression  Machine. 


Material  Testing  Machinery 


Hardness  Tester 
Ball  Testing  Method 

MARTENS  SYSTEM 


PENDULUM  HAMMER 
Striking  Force  10  mkg 

CHARPY  SYSTEM 


□  □ 


Apparatus  for  testing  the  tenacity 

of  cements 


DO 


RUBBER  TESTER  Schopper-Dalen  System 

fitted  with  autographic  apparatus 


□  □ 


MACHINES  FOR  TESTING 

PAPER,  BOARD  AND  TEXTILE  MATERIALS 

LOUIS  SCHOPPER,  Leipzig 


Mannfactarer  of  scientific  and  technical  apparatus 

_ & 


□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 

□  S'.4  des  Etabi,s 

§  MALIC  ET  &  BLIN 

□  a  AUBERVILUERS 

q  (Seine)  -  France. 

□ 

§  Engrenages  failles  de  toutes  sortes. 

□ 

□  Roulements  a  billes. 

□  - 

□  Pieces  detachees  pour  Automobiles. 

□  _ 

□ 

□  Appareils  pour  la  mesure 

□  directe  de  la  durete  Brinell 

□  (Systeme  R.  Guillery) 

^  Appareil  a  bille  de  5  mm 
q  (Type  P,  portatif) 

□  Appareil  a  bille  de  10  mm 

S  (Type  D) 


Appareil  type  D 


g  Appareil  de  mesure  de  la 
g  Resilience  des  Metaux 

□  (nouveaux  moutons  dynamo- 
§  metriques  de  60  et  275  kgm; 

□  Systeme  R.  Guillery 

□  = 

□ 

□  Envoi  du  catalogue  et  notices, 
§  franco,  sur  demande  adressee  a: 


St*  des  Etablts 

g  MALICET  &  BUN 

Aubervilliers 

(Seine)  -  France. 


Appareil  type  P 


Q  Mouton  dynamometriqae. 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


□□□□□□□□□□□□□□□□□□□□□□□□  □  □  □  □□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□ 


OPTICAL  AND  MECHANICAL  WORKS 

C.  REICHERT,  VIENNA,  VIII/2 


c  Austria  > 

SINCE  1876  Manufacturers  of  microscopes  and  accessories 


New  Metallographic  Microscope.  For\Smi^cg0S3heftintareeS! 

the  most  important  Steel-Works  of  Austria-Hungary  and  abroad. 

-  Write  for  descriptive  catalogue  and  microphotographs. - 

REJTO’s  Metal-Microscopes.  BRINELL’s  microscope  for  determining  the 

hardness  of  metals,  etc. 


Bergische  Stahl -Industrie 

G.  m.  b.  H. 

Gufistahlfabrik,  Remscheid. 


SPEZIALITAT 

)(ochwertiger  3(onstruktionsstahl 

als 

Jtickelstahl  Chromnlckelstahl 

fur  Automobile,  Luftschiffe,  Boots'  und 
□  □  allgemeinen  Maschinenbau.  □  □ 

Garantle  fur  zuveriassiges  und  erstklasslges  Material. 

Qoldene  Staatsmedaille  □□  DQsseldort  1902:  Goldene  Ausstellungsmedaille. 

Arbeiterzahl  zirka  2000. 


ROBERT  ZAPP 


WERKZEUGSTAHL,  in  jeder  Form  fur  Fabrikat 
alle  Verwendungszwecke. 

SCHNELLDREHST AHL,  in  verschied.  Fabrikat 
Hartegraden  je  nach  Verwendungszweck. 

HARTSTAHL  fur  Zerkleinerungs-  Fabrikat 

maschinen,  Baggerteile ,  StraBenbahn- 


Kreuzungen  etc. 

AUTOMOBIL-MATERIAL 


fur  hoch-  Fabrikat 


beanspruchte  Teile,  in  Spezial-,  Nickel- 
und  Chromnickel-Qualitaten. 

GESENKSCHMIEDESTUCKE, 

PRESSTEILE  etc,  fxir  d.  Kraftwagen-, 
Motorboot-  und  Luftfahrzeug-Bau. 
KONSTRUKTIONSSTAHL  fur  hoch- 


beanspruchte  Teile 
Maschinenbaues. 


des  allgemeinen 

KUGELLAGERSTAHL  in  hoher  elasti- 

scher  Harte,  nach  Spezialverfahren  extra 
weich  gegliiht. 

SPEZIALSTAHL  f.  Sptilversatzanlagen, 

Rohre, 


hochbeanspruchte 

Kriimmer. 


besonders 


Fabrikat 


Fabrikat 


Fabrikat 


Fabrikat 


FEILEN  und  KALTSAGEBLATTER  Fabrikat 

aus  Spezialstahl  zur  Bearbeitung  harter 
Materialien. 

TIEFBOHRMEISSEL  und  STEIN-  Fabrikat 

BOHRSTAHLE  fur  mittelharte,  harte 
und  harteste  Gesteine. 

WIDERSTANDSMATERIAL  far  Vor-  Fabrikat 

schalt-,  Anlafi-  u.  Regulierwiderstande, 

hochster  spez.  Widerstand. 

SCHOPFKELLEN  fur  Glasfabriken,  aus 
Stahlblech  in  einem  Stuck  geprefit. 


Fabrikat 


KRUPP 

KRUPP 

KRUPP 

KRUPP 

KRUPP 

KRUPP 

KRUPP 

KRUPP 

KRUPP 

KRUPP 

KRUPP 

KRUPP 


DUSSELDORF 


ZWEIGNIEDERLASSUNGEN : 

Berlin,  Paris,  Hailand,  Amsterdam,  Stuttgart,  Niirnberg,  Chemnitz. 


Olsen 

Universal  Testing  Machines 

The  Largest  Manufacturers  of  Testing  Machines  in  the  World. 


Designers  and  Builders  of  the  1", 000.000  lbs. 
(5000  tons)  Capacity  Compression  Testing  Machine  used 
by  the  United  States  Bureau  of  Standards  which  is 
the  largest  Testing  Machine  in  the  World. 

Our  Catalogues  is  divided  into  eight  Parts,  as  follows : 

PART  A.  Universal  Testing  Machines  and 
Instruments. 

PART  B.  Spring  Testing  Apparatus  and 
Spring  Machinery. 

PART  C.  Cement,  Concrete  and  Road 
Materials  Testing  Machinery. 

PART  D.  Cloth,  Yarn,  Paper,  Rubber  and 
Leather  Testing  Machinery. 

PART  E.  Wire,  Chain  and  Anchor  Testing 
Machinery. 

PART  F.  Oil,  Grease,  Bearing  Metal  Testing 
Machines,  Viscosimeters,  Dynamometers 
etc. 

PART  G.  Transverse  Testing  Machinery. 

PART  H.  Special  T esting  Machinery,  Impact, 
Indentation,  Vibratory,  Hardness,  Endu¬ 
rance,  Bending,  Torsion,  Toughness  and 
Abrasion  Testing  Machinery. 

SOLE  AGENTS :  England:  EDWARD  G.  HER¬ 
BERT,  Ltd.,  Atlas  Works,  Le- 
venshulme,  Manchester,  England. 
France:  GLAENZER  &  PER- 
REAUD,  18  &  20,  Faubourg  du 
Temple,  Paris,  France 
taly:  FRATELLI  PATRONE, 
Piazza  dei  Garibaldi  8,  Genova, 
Italy. 

Japan:  ANDREWS  &  GEORGE 
242  Yokohama,  Japan. 

Brazil  and  Argentina, SouthAmerica: 
M.  BUARQUE  &  CO.,  Rua 
S.  Pedro,  87,  Rio  de  Janeiro, 
South  America. 

Competent  Sole  Agents  desired  in 
all  Countries. 


1,000,000  lbs.  (500  tons)  Capacity  Olsen  Universal  Structural 
Materials  Testing  Machine. 

FOUR  SCREW  TYPE. 


This  machine  will  test  22  ft.  long 
specimens  in  tension,  24  ft.  long 
columns  in  compression,  and  20  ft. 

long  beams  transversely. 

No  Testing  Laboratory  is  complete 
without  a  machine  of  this  type. 
Manufactured  from  10.000  lbs.  to 
1,000.000  lbs.  capacity. 


TINIUS  OLSEN  TESTING  MACHINE  C° 

500  NORTH  12  th  STREET,  PHILADELPHIA,  Pa.  U.S.  A. 
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Grand  Prix  Paris  1889—1900 

% 


Grand  Prix  Paris  1889—1900 


% 


SOCIETE  EN  COMMANDITE  PAR  ACTIONS 


5  J.  &  A.  PAVIN  DE  LAFARGE 


CAPITAL:  8,426.800  Francs 


s 
% 

“■  Usines  de  Lafarge,  du  Teil,  de  Cruas  (Ardeche),  de 
■J  Valdonne  et  de  la  Bedoule  (B.^du^Rh.),  de  Contes  les 
Pins  (Alpes  Maritimes),  de  Vitry  le  Francois  (Marne) 

■*  La  Societe  est  fermiere  des  carrieres  et  fours  du  Detroit  (Propriete  de  la 

Commune  du  Teil) 

>  Chaux  hydraulique  de  Lafarge  et  du  Teil 

■■ 


i CIMENT  PORTLAND  LAFARGE  £ 

*"  Ciment  blanc  et  gris,  special  pour  carrelages  J 

■®  Ciment  extra  blanc  pour  materiaux  Ij 

artsficiels,  moulages  J» 

CHAUX  ET  CIMENT  MARITIMES 

J  Ciment  Artifieiel 

%  LAFABCiG-VALDONNE  £ 


/ 


s 


(B.-du-Rh.) 


Production  annuelle:  700-000  TONNES 


| 

Siege  social  a  VTVIERS  (Ardeche) 

■"  Succursale  pour  l’exportatlon,  30  Cours  Pierre  Puget  Marseille.  —  |J» 
Agence  de  Paris,  53  Rue  de  Chateaudun  (!!•).  ij 


SOCIETE  DES  CIMENTS  FRANQAIS 

t 

Siege  social: 


SOCIETE  ANONYME  AU  CAPITAL  DE  DIX  MILLIONS 


(  Postale:  80,  RUE  TAITBOUT,  PARIS. 
ADRESSES ’  ' 

I  T616graphique :  CIMFRAN,  PARIS. 

|| 


CIMENT  PORTLAND 


“DEMARLE-LONQUETY** 


PRODUCTION  ANNUELLE:  400.000  TONNES 


Usincs  a  BOULOGNE^SUR'MER 


□  DESVRES  (Pas-'de-'Calais).  —  GUERVILLE  (Scinc^et^Oisc).  □ 
LA  SOUYS,  pres  Bordeaux  (Gironde).  —  COUVROT,  pr£s  Vitry-le- 

Francois  (Marne). 
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F.  L.  SMIDTH  &  C2 


ENGINEERS 


COPENHAGEN  K 

LONDON  Vestergade  33  HEW  YORK 

Palace  Chambers,  9,  Bridge  Str.,S.W.  S  50,  Church  Street,  City 

PARIS  ST.  PETERSBURG 


BERLIN  NW  6 

Schiffbauerdamm  27 


5,  rue  Fenelon  (lO  ) 
B1ELITZ  (Austr.  Silesia) 


Gorochovaja  1 


PLANS  AND  MACHINERY  FOR 


CEMENT  WORKS 
□  LIME  WORKS  □ 
MINING  INDUSTRIES 


Preliminary  testing  of  the  raw  materials  in  our 

CHEMICAL-  and  TESTING-LABORATORIES 

equipped  with 

ROTARY  KILNS  and  GRINDING  MILLS 


Drawing^  and  Construction 'Departments 

in  connection  with  our  own 

MACHINE  SHOPS 

at  COPENHAGEN,  LUBECK  AND  NEW  YORK 

with  special  equipment  for  the  manufacture  of  our  machines 
"  ■  Inquiries  should  be  sent  to  us  direct  — 


Published  by  the  International  Association  for  Testing  Materials,  Vienna,  II/2  Nord- 
□  □  bahnstrasse  50.  —  Printed  by  Paul  Gerin,  Vienna.  □  □ 


'V  v  V  • 
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The  Proceedings  of  the  First  Congress  (Zurich  1895),  and  of  the  ’ 
Second  Congress  (Stockholm  1897)  have  appeared  in  french  and 
german  in  Vols  I — IV,  those  of  the  Third  Congress  (Budapest  1901) 
in  Vols  VI,  VII  of  the  Periodical  „Les  Materiaux  de  Construction  — 
Baumaterialienkunde"  edited  and  published  by  H.  Giessler,  Stuttgart 
in  the  years  1896 — 1902.  (Printed  by  Stahle  &  Friedel,  Stuttgart.)  ' 

REPORT  OF  THE  FOURTH  CONGRESS, 

HELD  IN  BRUSSELS,  1906 

1.  A  cloth  bound  volume  containing  the  official  papers  and  official 

proceedings  15  Shillings  or  3  50  Doll. 

2.  A  cloth  bound  volume  containing  the  non^official  papers 

6  Shillings  or  1*50  Doll. 


mm 


I'  ...  i  y.  * . 


REPORT  OF  THE  FIFTH  CONGRESS, 

HELD  IN  COPENHAGEN,  1909 


* 

MS 


A  paper  bound  volume  15  Shillings  or  4  Doll. 

A  cloth  bound  volume  18  Shillings  or  5  Doll. 

Supplement  to  the  Proceedings  of  the  Fifth  Congress 


Containing  some  papers  in  more  extended  form,  in  the  original  language  only.) 

In  paper  binding  2  Shillings  or  50  cts. 


REPORT  OF  THE  SIXTH  CONGRESS, 

HELD  IN  NEW'YORK,  1912 

1.  In  paper  binding  (2  vols.)  25  Shillings  or  7  Doll. 

2.  In  cloth  binding  (2  vols.)  30  Shillings  or  8  Doll. 
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METHODS  OF  TESTING  METALS  AND  ALLOYS;! 
HYDRAULIC  CEMENTS  AND  WOODS;  CLAY,  ;'v  : 
STONEWARE,  AND  CEMENT  PIPES, 


recommended  by  the  IVth  Congress,  held  in  Brussels  1906  1  Shilling  or  25  cts. 
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PROCEEDINGS 

OF  THE  INTERNATIONAL  ASSOCIATION  FOR 

TESTING  MATERIALS.  eras 

The  Proceedings  published  in  the  form  of  pamphlets,  issued  at  irregular  inters  "; 
vals,  and  containing  the  Organisatory  Work  of  the  Council,  Index  of  Literature, 
Congress  papers  and  Congress  proceedings  are  sent  gratis  to  all  members  of  .: 

the  Association. 

All  the  above  to  be  had  at:  LONDON:  E.  &  F.  N.  Spon,  Limited,  57  Hay  market. 

NEW  YORK:  The  Me  Graw-Hill  Book  Company,  239  West  Thirty  ninth  Street.  . 

Advertisement  sheets  are  enclosed  with  the  Proceedings. 

The  publications  of  the  Association  are  also  printed  in  French  and  German. 


